Abstract. The objective of the present paper is to propose an analytical model for calculating performance parameter of a radiator having rectangular tube with louvered fins. The theoretical effectiveness, heat transfer rate, outlet temperatures of both air and coolant are determined using effectiveness-NTU method. The coolant and air side pressure drop is also calculated. The proposed procedure is validated with experimetal results available in the literature and the GT model. It is found that the maximum deviation in the heat transfer rate calculated from proposed model is 10.97%, the coolant and air outlet temperatures is 2.75% and variation in pressure drop is about 3.29%.
Introduction
Radiator is the main component of engine cooling system. It plays an important role in keeping the engine temperatures with prescribed limits by removing heat from the hot coolant fluid. The coolant fluid takes heat from engine cylinder jacket and this hot fluid flow through the radiator tubes and gets cooled by exchanging heat with air which flows over fins and tubes. The heat transfer rate is increased by increasing the surface area for heat transfer using fins. In most of the automobile radiators louvered fins with rectangular cross section are used. Louvered fins are more efficient than rectangular fins. It is easy to attach fins to the rectangular tube rather than circular or oval shape tube and hence most of the radiators use rectangular tubes.
Matthew Carl et al [1] have proposed study on heat transfer process in automobile radiator including the detailed explanation of correlations for radiator performance. A. Khot et al [2] have proposed study on various methods for radiator performance evaluation. In this paper LMTD, Effectiveness-NTU method and experimental method for evaluation of radiator performance are studied. They have concluded that the heat dissipation increase with increase in pressure drop and flow rate. P. S. Amrutkar and aaa [3] have validated the effectiveness-NTU method using simulations. They have used ε-NTU method for thermal analysis of a radiator. P. Mounika et al [4] have analysed the performance of an automobile radiator for air speeds in the range of 15 kmph to 75 kmph. They have used ethylene glycol as coolant and concluded that even at higher speeds the given radiator with given number of fins attached to it works properly with slight compromise in decrease in efficiency of the fins used in the radiator. E Y Ng et al [5] have proposed a method to predict the heat transfer performance in car radiators. They have developed generalized analytical model accounting for airflow maldistribution. They have concluded that loss in engine cooling performance due to airflow maldistribution is relatively small when compared with the condition where airflow distribution is uniform with same total flow rate. R. Prakash et al [6] have proposed the radiator having two flat plates inside the tube which act as the nozzle. They have found that the nozzle effect provides additional cooling to the engine and hence the efficiency of the proposed radiator increased by 5.37% when comparing with existing radiators. Hiteshgiri et al [7] have found effectiveness, pressure drop and heat transfer rate of micro cross flow heat exchanger. They have found that for the same effectiveness, the heat transfer rate increases and the pressure drop decreases with rising working fluid temperature in the hot and the cold flow side. A. R. Esmaeili Sany et al [8] have studied radiator performance of passenger cars experimentally for wide range of operating conditions. They have found that heat transfer results from wind tunnel tests are 50% better than the actual conditions due to better air distribution. Vaisi. A et al [9] have studied the air-side heat transfer and pressure drop characteristics of flow over louvered fins in compact heat exchangers experimentally and concluded that the heat transfer rate tends to increase with an increasing inlet air velocity and also the performance of heat exchanger with louvered fins is affected by its geometrical parameters. Govindaraj. D [10] has used simulation tools for predicting cooling system performance. They have generated component performance characteristics through combined empirical and analytical methods in a consistent way thereby eliminating the discrepancies which would otherwise have occurred because of different testing methods. Solomon et al [11] have explained different geometric correlations for louvered fin radiator geometry. 
MATEC Web of Conferences

Model Development
Modern automobiles use radiators with multi-louvered fins with rectangular tubes. This increases the air-side heat transfer performance by more than 60% when compared with the traditional plate fin heat exchangers. The louvered fins provide more surface area for heat transfer. The proposed model uses rectangular tube with louvered fins. The performance of the model is compared with experimental [9] and GT model results. The geometric, Reynolds and Nusselt number correlations from reference [11] , effectiveness-NTU correlations [12] and pressure drop correlations [13] are used. These correlations are given below. Figure 1 and 2 show the geometry of a typical louvered fin radiator.
A. Geometry correlations Where,
Overall Efficiency:
In radiator both the finned and un-finned surfaces contribute to the overall heat transfer. The overall surface efficiency is defined for the composite structure consisting of both the fins and base structure and it can be calculated as are inlet density, mean density and outlet density respectively. passage contraction ratio.
Proposed Analytical Model
An analytical model is proposed to find the effectiveness of louvered fin radiator. The flow chart shown in figure 3 describe the procedure for the calculation of effectiveness, heat transfer rate, outlet temperature for both coolant and air for the proposed analytical model. The flow chart describes detailed step by step calculation procedure. The inputs to the calculation are radiator geometry, mass flow rate and velocity of coolant and air, inlet coolant and air temperature as well as properties of coolant and air. From this input Reynolds number is calculated and this helps in deciding the type of flow (laminar, transition or turbulent). Based on the type of flow, equation for calculating the Nusselt number is selected. After calculating the heat transfer coefficient and fin efficiency, the overall heat transfer coefficient and the number of transfer units (NTU) are calculated. Effectiveness correlation is used for the calculation of effectiveness by using NTU. Maximum heat transfer rate is calculated from the input temperatures and minimum heat capacity. By using this maximum heat transfer rate and effectiveness, actual heat transfer rate, outlet temperature of the coolant and air are calculated. After calculating friction factor, mass velocity and hydraulic diameter, pressure drop on coolant side and air side are calculated.
Fig.3. Process Flow Chart
Results and Analysis
The analytical model proposed is validated by comparing the results obtained for the model with those available in literature. Two models are used for this purpose, one experimental results of rectangular tube louvered fin radiator [9] and GT model radiator.
The input conditions for the analytical model are same as given in the reference [9] . Table 1 shows input conditions for different trials. The geometric parameters used are same as that given in the reference [9] . The comparison between the experimental [9] and the analytical results using the proposed procedure are shown in Table 2 . It is observed that the calculated results obtained from proposed model closely agree with experimental results. The maximum % error in the heat transfer rate is 3.78. Figures 4 and 5 show the variation of coolant and air outlet temperatures for different trails. It can be observed that the deviation in outlet temperature of coolant is ±1 % and that of outlet temperature of air is ±2 %. The pressure drop calculations are not shown this model since in the experiments carried by Vaisi. A et al [9] have not measured the pressure drop. The proposed analytical model is also validated using the results for GT model. GT model is a cross flow rectangular tube louvered fin radiator used by Renault Nissan. This model also has correlations for pressure drop calculations. Table 3 shows the input parameters used for these calculations. The geometric parameters used are the same as those used in GT model. The comparison between the GT model and proposed model are as shown in table 4. It can be observed that the maximum error in heat transfer is 10.97% and in pressure drop is 3.29%. 
